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1. INTRODUCTION 
Project review is a process, which may take place at anytime throughout the project life. It is an evaluation and 
prediction process undertaken at any time during the project life cycle.(Eleyan, 2006). Evaluation aims to 
evaluate the current situation of a project against the main objectives of time, budget and quality through 
consideration of the project work as a leading parameter. Prediction aims to forecast the project’s future against 
project time, budget and quality then compares predicted values with those forecasted. To understand the current 
behavior of a project, the main factors; cost, schedule, resources and quality should be reviewed. From the 
current behavior, it is possible to predict the future of the project, e.g., prediction of a project completion time, its 
budget at completion, types and amount of resources needed to undertake the future work. An early detection of 
variance in predicted outcomes is a concern to all Project Managers (Moselhi 2006). Project review should be an 
essential part of any project. To be effective, it must be in-depth and directed at full understanding of proposed 
solutions. The sooner the Project Manager Implements project reviews with an understanding that integrity 
during discussions is primary, the better chance for success to achieve.  
Project review plays a major role in determining project success. A project’s success can be predicted by 
reviewing the past performance of the participants. Project success demands timely evaluation of all activities 
and performance (Gaynor 1996). 
A wealth of research in project management has identified variant of measures which described the outcomes of 
a project and the input characteristics that impact these outcomes. The most commonly cited project outcomes 
include cost, schedule, performance and client satisfaction. Although a general definition of project success still 
elusive (Farris 2006). However, traditionally project success, effectiveness and performance were related to the 
three principal criteria of attaining target dates, achieving financial plans and controlling the completion of a 
project to a specified quality (Barber and Miley 2002). The foundation of this tradition corresponds to the 
management concept that project success means the level of satisfaction with the achievement of the three 
criteria of: on time, on budget and completion of work to a specified quality. Effectiveness is related to the 
achievement of goals. In this way, a project’s success corresponds to the effectiveness and efficiency of the 
project. Effectiveness is the achievement of project goals while efficiency in economic term refers to the 
maximization of output for a given level of input or a resource (Freeman and Beale 1992). According to Wit 
(Wit 1988), there is a difference between project success and project management success. Project success is 
measured against the objectives of a project, while project management success measured against the traditional 
measures of performance against time, cost, and quality.  
Another distinction, which is also important to address, is the success criteria and success factors. Success 
criteria enable the project to be judged and measured against predefined criteria as set out of the project 
objectives. Success factors are those factors which, if followed, are likely  leading to a successful conclusion, 
whilst the absence of these factors is likely leading to a failure (Cooke 2002). 
This paper presents a system dynamics model to facilitate the performance of project review. This model uses a 
set of parameters to predict future cost and duration not only at completion but also at anytime throughout the 
project life. Potential cost overruns and schedule slippage are determined using the predicted results and the 
planned values of costs and durations. The outcome of the model simulations is useful in evaluating the project 
status at anytime of the project life. This model is intended to be used by members of project team when 
performing a project review.  
2. SYSTEM DYNAMICS AND PROJECT MANAGEMENT 
System dynamics is looking at the project as a whole - neither as a sum of parts nor as a composition of different 
elements or tasks, e.g. activities as reconstructing the project from its elements and calculating the duration, cost 
and resource requirements of the whole project from those of its elements. This concern means that system 
dynamics looks at the interrelationship between these different elements and the influences between each others 
(Sterman 1992). This approach facilitates and encourages managers to examine the feedback loops, which rule 
the project dynamics. The two feedback loops both balancing and reinforcing describe the major non-linear 
aspects in the project. System Dynamics also offers and facilitates an experimental model with management 
options. 
Nowadays project management is treated as one of the most important fields but it is mostly a poorly understood 
area of management. Project management still encounters the problems of delay and cost overruns. The over 
schedule and over budget are considered chronic problems in different project management fields as 
constructions, defense, aerospace, etc. These projects often appear to be going smoothly until near the end when 
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3.2. Project Review meta- Model 
The Meta-model of a Project Review in FIG. 2 below confines the important variables, which construct a general 
project and affect its behavior. These elements are usually considered when conducting a project review. 
In each milestone, Project Managers need to evaluate these elements to gain a clear picture about the actual 
situation of a project. This evaluation will give them a good indication about the status of a project whether the 
project is on track or there are some deviations or impediments. The following sections clarify each variable, 
discuss it in detail, and discover how can be measured and used to correctly predict the future performance of the 
project. 
 
3.2.1. Project Work 
The project work is the core of the model. It determines a project cost, schedule and resources necessary to 
perform the project. The project work is normally defined in detail using the Work Breakdown Structure (WBS) 
and shows the total work scheduled. The work scheduled is measured in working hours, which means how many 
working hours a project requires to perform a specified product. On each milestone, the work performed is 
measured and compared with the work scheduled (Kauffmann, Keating et al. 2002). The project work in FIG. 2 
is a structure of different types of work attributed to different staff, e.g. the work of a project general manager, 
site manager and site engineer, etc., also the work of sub-contractors who are usually contracted to do a specific 
job as electrical, drainage, plumbing, heating and so on. Each type of resource performs its own work; the work 
is determined by work rate, which is the product of number of staff and their productivity. Knowing how much 
work is scheduled and how much has been performed, the project’s current situation will be obvious and the 
future can be predicted depending on the project’s current performance. 
In FIG. 2, project work has two values: planned and actual depending on the resources (which may be planned or 
actual). The planned resources, the planned work to be done and the planned work rate are already determined in 
the project plan throughout the project planning stage. The planned staff and their planned productivity 
determine the planned work rate as show in equation (a): 
 oductivityPlannedffPlannedStakRatePlannedWor Pru   [a] 
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3.2.3. Project Cost 
Project cost as shown in FIG. 3 is another important element in the conceptual model. The project cost means the 
amount of money needed to perform the project. In the project planning stage, the project budget is estimated 
and the cost is determined. When the project starts, there is a planned budget for each task to be performed; this 
means the planned amount of money to be spent to accomplish the project work. The planned value is 
determined as shown in equation (b). The planned budget is the sum of the planned values of the project which is 
incurred each month (Vargas 2003) as in equation (c). The cumulative planned value is the budget at completion. 
Each time, the planned value is calculated from the planned work performed. 
 








Equation (c) shows the accumulated planned value where n is the number of time intervals in which the planned 
value is calculated. It is accumulated on a monthly, weekly or pre-agreed basis. It is generated as an 
accumulative planned value. The accumulative planned value is equal to the planned budget at the end of the 
project or budget at completion (Fleming and Koppelman 2000). 
Equation (d) shows that the earned value is generated from the actual staff and their actual productivity but using 
the planned labor rate as follows: 
 
ourRatePlannedLabPerformedActualWorkeEarnedValu u   [d] 
 
The planned labor rate is used here instead of actual labor rate because the definition of the earned value is the 
budgeted cost of work performed (BCWP) (Fleming and Kopelman 1999). 
The third important value is the actual cost value. Equation (e) shows that the actual cost value is generated from 
the actual staff, their actual productivity and actual labor rate. 
 
LabourRateActoductivityActStaffActtCostValueAc .Pr... uu   [e] 
 
After generating the planned value, earned value and actual cost value of the project work already done, the 
project review will perform the evaluation process to evaluate the current situation of the project to generate a 
clear picture about the project’s actual behavior, and then run the prediction process to predict its future. Earned 
value and planned value are used to calculate schedule variance to find if the project is performing on schedule 
or whether there is a schedule slippage (Energy 2004). The schedule variance is the difference between the 
earned value and the planned value (Barr 1996). If the difference is positive then the project is ahead of schedule, 
however, if it is negative then the project is behind schedule; therefore the Project Manager should take a 
corrective action to overcome this problem and return the project back to plan. Another important attribute, 
which can be an indicator of the project’s schedule, is the schedule performance index, which is the division of 
the earned value over the planned value (Barr 1996). If the result is one then the project is on schedule, but if the 
result is below one then the project is facing a schedule slippage. The project review also calculates the cost 
variance and cost performance index using the earned value and the actual cost value to explore if the project is 
performing within budget or having a budget overrun. The cost variance is generated from the difference 
between earned value and actual cost value (Barr 1996). If the difference is positive then the project is under 
budget, but if the difference is negative then the project is facing budget overrun. In addition, the cost 
performance index is useful to explore the budget situation. The cost performance index is the division of earned 
value over Actual Cost value (Anbari 2003). If the result is one, then the project is within budget, but if it is less 
than one, then the project is going over budget.  
From the cost performance index, budget at completion and earned value, it is easy to find out how much money 
is needed to complete the project (ETC), and how much the project will cost at the end, in other words, estimate 
at completion (EAC) (Vargas 2003).  
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Figure 14 above shows the monthly equipment planned, earned and actual cost values. The Project Manager 
compares these values to get clear view of the equipment resource situation. The equipment planned and earned 
values are approximately close to each other but the equipment actual cost shows that it is more than the planned 
and earned meaning that the project hired more than it planned or the actual cost per hour exceeded the planned 
cost per hour and incurred more cost. 
 
3.6.4. Earned Value Simulations 
Earned Value Simulations consider cumulative planned, earned and actual cost values and uses them to calculate 
some important indicators to help understanding the overall situation of the project. The correlation among these 
values allows for the verification of results for the project and continues the evaluations and future projections of 
final cost and duration. In order to relate between these three values there are the following indices and 
variances. 
3.6.5. Cost Performance Index and Cost Variance 
Cost Performance Index (CPI) is the ratio between the Earned Value (EV) and the Actual Cost (AC) (Vargas 
2003). The CPI in equation (g) indicates the conversion between AC used by the project and the EV in the same 
period, and provide information to show how much is earned of what was already spent. 
 
CPI= ACEV /   [g] 
When CPI equals one, the value spent by the project is integrally earned to the project and it is within budget. 
When the CPI is less than one, the project is spending more than planned when the calculation was made. If the 
CPI is more than one, the project costs are less than forecasted when the calculation was made.  
Cost variance (CV) is the comparison between the values of the work performed with the actual cost of work 
performed. CV in equation (h) is an objective indicator. It is the money value of what is accomplished for the 
resources expended. Mathematically it is expressed as- 
 
CV= ACEV   [h] 
A positive cost variance indicates that the work is accomplished for less resource expenditure than earned. A 
negative cost variance indicates that the work accomplished costs more than earned resource value (Vargas 
2003). From the equation above, CV is determined by the EV and AC.  If the project is over budget according to 
the value of CV, it would be possible to bring the project back to the budget line by manipulating the actual cost 
value to reduce the actual cost which will reduce the CV. This will happen by seeking alternatives to the 
resources used in order to lessen the costs incurred e.g., for human resources it may be possible to hire less 
skilled staff (Barr 1996). 
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Table 5 shows that the project started with a large ECD as the SPI was nearly zero. As the project progressed, the 
ECD became more realistic, showing an approximation date for the project to be completed. The ECD on month 
10 and after shows a near value as the project was accelerated to overcome the schedule slippage, which appears 
here in the estimate at completion-simulated values. 
4. CONCLUSION AND FUTURE RESEARCH 
The aim of the paper is to develop a generic system dynamics model to assist a Project Manager to carry out an 
effective project review. This model is used to track and control the project in terms of schedule, budget and 
quality. To achieve this aim the first step was conceptualizing a generic conceptual model. The model includes 
the essential factors to conduct a successful project review. These factors are project work, resources, cost, 
schedule and quality. This model captured the essential variables for each factor. These variables in the 
conceptual model are classified into three sectors according to their tasks. The variables attributed to planning 
are confined into the planning sector. The variables attributed to the project actual performance are confined into 
the project actual performance sector and the variables attributed to the project actual cost are confined into the 
actual cost sector. The variables in each sector are connected together according to the relation between them 
showing the cause and effect by constructing a causal loop for each sector. These sectors are important to gain a 
whole picture about the current state of the project in terms of schedule, budget and quality. Constructing a stock 
and flow model is essential to run the simulation process in order to depict the actual picture of the whole 
project. This model is constructed from three sectors; planning, actual performance and actual cost sectors. Each 
sector fulfils a job in the project review. For example, the planning sector reflects the project plan, which means 
how the project work is planned. The actual performance reflects the situation of the project and shows the actual 
staff working on it and their productivity and how much work is passed and how much is rejected when the 
inspection is carried out in the project review. The actual cost sector reflects the actual cost and expenditure 
situation. It shows the actual cost spent so far to perform the project work. Depicting these three situations will 
help the Project Manager to understand the current situation of the project and enables him/her to accurately 
predict the project future performance. 
The model is evaluated using a case study from a construction industry. It has been selected from a construction 
industry because the construction projects are well defined and the project baseline plan consists of: 1) a detailed 
schedule containing all the authorized work, 2) schedules containing the authorized resources to conduct the 
work, and 3) payments by the cost manager to contractors based on their physical accomplished work, together 
with the original authorized budget for the work. 
The model can be used as an approach to scrutinize the plan. The model provides a good facility to test the 
planning values in order to see if they are effectively planned. For example, the model can be fed with the values 
of the number of staff planned to conduct the project work, their productivity and the amount of work needed to 
be done, in order to foresee if the staff and the productivity are adequate to perform the required amount of work.  
The previous implementation of the model shows how it is beneficial. The model is used to verify the project 
plan, actual performance and cost when the model compares the earned value and the actual cost for each type of 
work and resources. In addition, it examines the earned value to calculate if it is greater than the plan –the 
planning values must be revised in order to ensure that the planning process was accurate  
From the implementation of the system dynamics model on the case study, it is quite apparent that the model 
encompasses the essential factors needed to conduct a successful project review as shown in the meta-model. 
The model considered different types of human factor according to the type of work they performed, and 
considered different types of material and equipment resources and how to measure their consumptions and 
defects.  
However, the model shows that there is a need for expansion and future works requiring more effort and further 
research are the following: 
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4.1. Level of Experience and Staff Required 
To enhance the project review system dynamics model, human resources should be extended and included their 
level of experience. Including the level of experience will facilitate how to determine and measure the review 
fraction for the future. If the level of experience is increased then the review fraction would decrease and rework 
needed would decrease. This is important when thinking about the level of experience required to reduce project 
costs or rescue the project from budget overrun. The review fraction also affects the project’s duration. Further 
research is also needed to compromise between the level of experience on one side against cost and duration on 
the other. 
Also, during the project review, there is a need to know the staff required to finish the project work to plan and 
their level of experience against the type of work outstanding. When the project review is conducted, two 
processes take place, one is the evaluation and the other is prediction as discussed in the state of the art. In order 
to get the project completed on schedule, it is important to know how many staff needed depending on the 
evaluation process. The required staff is estimated based upon the volume of work to be done, the time horizon 
to completion, productivity, and quality. 
 
4.2. The impact of adding more resources  
Using the model to measure the influence of adding more resources during the project life to complete the 
project on schedule, more attention should be paid to Brooks’ law, which says that adding more resource to a late 
project will cause it to be later.  It is important, therefore, to enhance the model to a level which shows the 
threshold where adding more resources will cause more delays and how this impacts the project finish date and 
budget at completion. Moreover, the model should determine the level of experience of the staff required and the 
length of time needed to make them produce quality work, including the training needs to assimilate them in the 
project. 
 
4.3. Overtime duration 
What are the factors that affect the duration of overtime or increasing the staff productivity? The overtime policy 
is one of the prominent alternatives the project manager thinks of when the project is suffering from schedule 
slippage. Increasing productivity will help to recover the schedule overrun. This needs further research. For 
example, when overtime adopted to increase the productivity may have a negative impact on project duration 
and causes a reduction in staff productivity due to staff fatigue. It is imperative to cease this practice before this 
occurs.   
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